###### Strengths and limitations of this study

-   The results of this study will provide an insight into the optimal dosing of metoprolol in acute coronary syndrome (ACS) patients during hospitalisation and after discharge.

-   This research may aid the treating physicians to appropriately manage their patients and also to reinforce the key quality goals.

-   This study will increase the utilisation of β-blockers which has proven benefits in reducing mortality in ACS patients.

-   Safety and tolerability of metoprolol will be observed.

Introduction {#s1}
============

Acute coronary syndrome (ACS) is one of the most common type of cardiovascular disease characterised by a spectrum of clinical symptoms ranging from ST-segment elevation myocardial infarction (STEMI) to non-ST-segment elevation myocardial infarction and unstable angina.[@R1] ACS is a subtype of coronary heart disease (CHD) that is associated with high risk of mortality. In China, there has been a rapid increase in the number of patients with ACS mainly owing to an increase in ageing population as well as the prevalence of cardiovascular risk factors.[@R2] According to Markov computer simulation model, the incidence of CHD is reported to cross 2.5 million events per year by 2030, which is 50% more than that reported in 2010.[@R3]

β-receptor blockers are the principal drugs prescribed in acute myocardial infarction. According to the American Heart Association (ACCF/AHA) guidelines, oral β-blockers are class I recommendation for symptoms onset within the first 24 hours and intravenous β-receptor blockers are class II indication for hypertensive patients or those who have ongoing ischaemia.[@R4] Further, the 2013 ACCF/AHA recommends oral (level of evidence B) β-blockers within 24 hours of disease onset for the management of STEMI and further suggests in continuing β-receptor blockers during hospitalisation and after discharge (level of evidence B).[@R4] Evidences from previous studies have reported reduced mortality and other cardiovascular events following use of β-blockers in ACS patients.[@R6] The earlier study by Hjalmarson *et al* reported an overall mortality reduction rate of 36% in patients who treated with 200 mg/day metoprolol from hospital admission and continued for 3 months.[@R6] Similarly, the recent study by de Matos Soeiro has also reported a significant reduction in mortality and major cardiovascular events in patients treated with oral β-receptor blockers compared with placebo group.[@R8]

The use of β-receptor blockers not only improves the clinical outcomes in ACS patients but also reduces the cost of the relevant treatment significantly.[@R9] Based on the superior efficacy of β-receptor blockers in terms of reduced mortality and other adverse cardiological events, the Chinese as well as international guidelines recommend β-receptor blockers as the first line therapy for treatment of ACS patients.[@R4] As per the Chinese Cardiology society, patients with ACS should take β-receptor blockers within 24 hours of symptom onset starting from a lower dose and slowly escalating the dose.[@R10]

In cases of good drug tolerance, long-acting controlled-release preparation of corresponding dose can be prescribed after 2--3 days. Oral metoprolol is the most commonly prescribed β-receptor blocker in patients with ACS. It is usually given at an initial dose of 25--50 mg/6--12 hours and after 2--3 days it is switched to metoprolol tartrate two times per day or metoprolol succinate once a day. Further, if the drug is well-tolerated it can be titrated to 200 mg/day.[@R4] Recently, an investigation indicated that 190 mg metoprolol succinate was well-tolerated for Chinese patients.[@R11]

Although β-receptor blockers are always recommended in all the international guidelines, how to maintain the use of β-receptor blockers for a long term and balance the appropriate dose is one practical question for clinicians and patients. Among the 221 874 AMI patients included in the 2011 China Peace survey, only 61.8% were treated with β-blockers. It was also noticed that metoprolol was the most commonly prescribed β-blocker (91.5%); however, the dosages were often below than those recommended in Western countries and in the guidelines.[@R12]

Insufficient attention paid by clinicians to heart rate (HR) control, lack of an operational standardisation process of its use and concern about adverse reactions caused by high dosage are all possible causes of insufficient use of β-blockers in Chinese population.[@R13] As there are not much studies reporting the use of metoprolol in ACS patients in China and China's ACS guidelines do not give a clear clinical pathway for metoprolol, we conduct this study to test the feasibility and tolerability of the metoprolol optimal dosing pathway by observing the percentage of Chinese ACS patients achieving target dose following the pathway during hospitalisation and following discharge.

The safety and tolerability of metoprolol will be explored in this study through observation of the proportion of patients with bradycardia, hypotension and transient exacerbation of cardiac function after administration of the drug using standard method summarised in the guidelines.

Methods and analysis {#s2}
====================

​Study design {#s2-1}
-------------

This is a multi-centre, prospective, open label, single-arm interventional study that will recruit all the new ACS patients admitted to the hospital. A full list of the 15 participating centres is shown in [table 1](#T1){ref-type="table"}. All the 15 centres are public hospitals which have research ethics committees and clinical trial qualifications. The number of patients and conditions of the centres will meet the requirements. All the centres will have highly trained and experienced personnel. All the patients after registration will be assessed for the parameters specified on admission. We will obtain signed informed consent form (ICF) from all eligible patients or their guardian/legal representative before any study specific procedures are performed. Specified demographic information and other clinical data will be collected for the patients enrolled according to the case report form. The patients will be enrolled consecutively from February 2018 and the recruitment will end in April 2019 or until a total of 1000 patients are included cumulatively. [Figure 1](#F1){ref-type="fig"} elaborates on the study procedure including the visit schedule of patients.

###### 

The 15 study participating centres

  Code   Participating hospitals
  ------ -----------------------------------------------------------------------------------------------------------
  1      Chinese PLA General Hospital, Beijing, China
  2      Beijing Friendship Hospital, Capital Medical University, Beijing, China
  3      The First Affiliated Hospital of Dalian Medical University, Dalian, China
  4      Sino-Japanese Friendship Hospital of Jilin University, Changchun, China
  5      Affiliated Zhongshan Hospital of Dalian University, Dalian, China
  6      Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University Medical School, Nanjing, China
  7      The Affiliated Hospital of Qingdao University, Qingdao, China
  8      East Hospital of Qingdao Municipal Hospital (Group), Qingdao, China
  9      Shanxi Cardiovascular Hospital, Taiyuan, China
  10     Shanghai Sixth People\'s Hospital, Shanghai, China
  11     The Affiliated Hospital of Northwest University, Xi'an No.3 Hospital, Xi\'an, China
  12     The First People's Hospital of Yunnan Province, Kunming, China
  13     The First Hospital of Jilin University, Changchun, China
  14     Beijing Luhe Hospital, Capital Medical University, Beijing, China
  15     Sir Run Run Shaw Hospital Affiliated to Medical School, Zhejiang University, Hangzhou, China

![Study design with visit schedules of patients.](bmjopen-2019-031972f01){#F1}

​Study participants {#s2-2}
-------------------

Participants will be recruited from the study sites if they fulfil the following inclusion criteria: age ≥18 years, male or female patients hospitalised due to ACS. Patients will be excluded if they have been involved in another clinical trial in the last 3 months; have been using β-agonists on a continuous or intermittent basis; have cardiological adverse events such as cardiac shock, unstable heart failure, hypotension (blood pressure (BP) \<90/60 mm Hg) or bradycardia (HR \<50 beats/min), sick sinus syndrome, II\~III atrioventricular block, Killip \>II, suspected acute myocardial infarction with HR \<45 beats/min, P-R interval \>0.24 s or systolic BP \<100 mm Hg; patients allergic or contraindicated for metoprolol; cancer patients; patients at a risk of developing cardiogenic shock; pregnant or lactating women and are unable to understand the study procedures or unable/reluctant to participate as judged by the investigator will be excluded. The study will be performed in accordance with the ethical principles of the Declaration of Helsinki and will also be consistent with the International Conference on Harmonization and Good Clinical Practice.

The patients will be thoroughly informed regarding the details of the study. The signed and dated ICF by the patient or his/her guardian/legal representative will be obtained at the first visit. The patients should take metoprolol within 24 hours after admission. Baseline information including any concomitant medications will be recorded in the trial process chart, [figure 2](#F2){ref-type="fig"}.

![Baseline information on the trial process chart.](bmjopen-2019-031972f02){#F2}

The patients will also be informed of their independence to discontinue participation at any time. The patients may withdraw from the study due to unnatural death (due to accident or violent); patient's wish to discontinue; inability to complete hospitalisation for any reason; or loss of follow-up. The patient may also be withdrawn from the study prematurely for other reasons at discretion of the investigator. All the patients who are withdrawn from the study prematurely should complete all the tests and procedures before the discharge. The reason for premature withdrawal should be noted in the case report form and original medical record. If the patient is withdrawn from the study for adverse event (AE), he/she should be followed up and given corresponding treatment. Further, the study centre can be terminated early if serious adverse event (SAE) or any other safety issue occurs during the study and the ethics committee should be informed promptly and formally.

​Treatment {#s2-3}
----------

According to the ACCF/AHA guidelines,[@R4] patients with ACS who do not have contraindications should use β-blockers and achieve the maximum dose that can be tolerated. The clinical signs of the patients will be evaluated by the investigators before administration of β-blockers within 48 hours after enrolment. The evaluation parameters include: rest HR ≥45 beats/min and without symptomatic bradycardia, systolic BP ≥100 mm Hg, no symptoms and signs of acute heart failure. When these evaluation parameters are met, the dose can be increased. The specific dose increase is determined by the investigator based on their clinical experience. After 48 hours, the evaluation will be performed every day and the dose is increased when appropriate.

The titration of metoprolol will be based on the ACCF/AHA guidelines.[@R4] As represented in [figure 3](#F3){ref-type="fig"}, metoprolol tartrate, 25 mg and metoprolol succinate, 47.5 mg will be prescribed to all patients without any randomisation every 6--12 hours within the first 48 hours after admission. Then, after 48 hours, the dose of the metoprolol was increased with daily dosing of 90--190 mg metoprolol. The dose will be decreased when the patient is not tolerated, and patients may be discontinued when necessary. No drugs will be provided after the study. However, patients should continue the β-blocker treatment based on doctors' prescription and follow the guidelines recommendation.

![Dose titration of metoprolol to be followed in the study. ACS, acute coronary syndrome.](bmjopen-2019-031972f03){#F3}

​Study outcomes {#s2-4}
---------------

### ​Primary endpoints {#s2-4-1}

The percentage of ACS patients achieving target dose at the time of discharge. (Target dose definition: patient receiving metoprolol succinate 95 mg/day or greater at discharge; or metoprolol succinate under 95 mg/day but reached maximum tolerate dose while experiencing any intolerance sign such as HR under 50 beats/min or BP under 90/60 mm Hg during hospitalisation and so on.) The dosing pathway is considered feasible when the percentage of patients who reach the target dose at the time of discharge is around 80%--90%.

### ​Secondary endpoints {#s2-4-2}

Determining the mean HR and BP at discharge and during the follow-up period of the patients who have achieved target dose at discharge. In the acute phase, BP will be monitored using electronic BP device supplied by the CardioCloud Medical Technology, Beijing Co. These devices will be calibrated before first use and regularly calibrated every month. After acute phase, ECG will be used to collect HR before discharge. Before discharge, patients would be taught to use the electronic BP device. After discharge, patients will self-monitor their HR and BP and record in the logbooks. If the average is lower than the standard, the result will be recorded as bradycardia or hypotension. During hospitalisation and after discharge, the resting HR and BP will be assessed three times a day.

We will also record the percentage of patients who experience bradycardia (HR under 50 beats/min), hypotension (BP under 90/60 mm Hg) and drug-related temporary heart failure worsening (based on New York Heart Function Assessment (NYFA)) during hospitalisation and for 1 month after discharge, respectively. Also, the percentage of patients with metoprolol-related AEs and number and kinds of metoprolol-related AEs leading to metoprolol discontinuation will also be assessed.

The temporary heart failure worsening will be determined by clinicians based on the Chinese guidelines for the diagnosis and treatment of heart failure and the NYHA.

### ​Safety endpoints {#s2-4-3}

Safety endpoints will focus on a composite of possible situations of intolerability (rest HR \<45 beats/min and symptomatic bradycardia, systolic BP \<100 mm Hg, and symptoms and signs of acute heart failure).

​Safety variables {#s2-5}
-----------------

### ​Adverse events {#s2-5-1}

An AE is the development of an undesirable medical condition or the deterioration of a pre-existing medical condition following or during exposure to a pharmaceutical product. An AE may or may not have a causal relationship with the drug or treatment. AEs include those occurring at any time after the patient signs the ICF and is recruited into the study. When an AE is considered probably or possibly related with the medication, dose reduction or drug discontinuation may be considered if necessary.

For over dose: based on the package insert adults receiving metoprolol over 1.4 g could cause moderate intoxication. Therefore, in this study, metoprolol dose over 1.4 g /day is considered as over dose. An overdose with associated AEs is recorded as the AE diagnosis/symptoms on the relevant AE modules in the case report form (CRF) and on the overdose CRF module. An overdose without associated symptoms is only reported on the overdose CRF module.

### ​Serious adverse events {#s2-5-2}

In the current study, the investigator will assess causal relationship between metoprolol and each AE.

For SAEs causal relationship will also be assessed for other concomitant medication and study procedures. For SAEs that is associated with any study procedure, there is an associated causal relationship. The SAEs will be categorised as mild, moderate and severe.

### ​Archiving of adverse event files {#s2-5-3}

All AEs occurring during the study will be recorded in the patient's CRF. For all events, details such as the beginning and end of their occurrence, intensity, measures taken and results and so on will be described. The development of existing ischaemia or death from vascular cause should be considered as disease progression and not an AE. Events, which are unequivocally due to disease progression including hospitalisation or death caused by ACS, heart failure or arrhythmia and so on should not be reported as an AE.

### ​Safety reporting {#s2-5-4}

All SAEs have to be reported, irrespective of its causal relationship to the investigational product, or to the study procedure(s). Any SAE occurring during the course of the study, should be informed to the sponsor immediately, not later than 24 hours of when he or she becomes aware of it.

For fatal or life-threatening AEs where important or relevant information is missing, active follow-up is undertaken immediately.

The investigator is responsible for reporting SAEs to the Ethics Committee and/or regulatory authorities according to the local laws and regulations.

​Data analysis {#s2-6}
--------------

### ​Sample size justification {#s2-6-1}

This is a study to investigate the percentage of patients achieving target dose during hospitalisation. Assuming the percentage of patients achieving target dose during hospitalisation to be around 80%--90%, 1000 patients will allow it to be estimated with a precision (ie, half-length of 95% CI) of 2.5% to 1.9%. A simple formula[@R14] can be used for sample size calculation for the study estimating population prevalence as follows:

$$n = \frac{Z^{2}P\left( 1 - P \right)}{d^{2}}$$

where *n*=sample size, *Z*=Z statistic for a level of confidence (*Z*=1.96 for 95% CI), *P*-=expected prevalence or proportion, *d*=precision.

### ​Statistical and analytical plans {#s2-6-2}

A comprehensive statistical analysis plan will be prepared before database lock. All the patients who receive at least one dose of study drug, and for those any post dose data are available will be included in the full analysis set. It will be used for all analyses. Statistical methods will be primarily descriptive in nature. Descriptive statistics will be used for analysing primary and secondary outcomes. The continuous data will be presented as number of patients (n), mean, SD, median, minimum and maximum. The categorical data will be expressed as frequency and percentage of patients in each category. Counts that are zero will be displayed as '0'. Percentages will be based on non-missing data unless otherwise specified. 95% CI will be calculated if appropriate.

A subgroup analysis of the secondary endpoints may be performed for patients achieving target dose or not, respectively. Statistical analyses will be performed using SAS. A p value of \<0.05 will be used to indicate statistical significance.

​Patient and public involvement {#s2-7}
-------------------------------

Members of the ethics committee reviewed this study and made constructive comments, which have been addressed. Patients were not involved in the recruitment or conduct of the study. All patients provided full informed consent, with at least 24 hours to consider the information and at least two opportunities to discuss the trial in detail with the investigators. The results of the study will be disseminated to all study patients at the end of the trial.

Discussion {#s3}
==========

Though β-blockers are recommended by major international guidelines in the management of ACS, it has remained an underused therapy.[@R15] The different international guidelines have demonstrated an improved trend towards initiation and maintenance of β-blockers therapy; however, the dosages of β-blockers prescribed in clinical practice are lesser than the dosages prescribed in clinical trials or those recommended in guidelines.[@R16] Through this study, we intend to assess the feasibility and tolerability of metoprolol optimal dosing pathway in Chinese ACS patients by observing the percentage of patients achieving target dose during hospitalisation for ACS.

The results of our study will determine the metoprolol optimal dosing pathway, at different hospital sites that will lead to utilisation of β-blockers in higher dosages, thereby resulting in an improved HR.

β-blockers lowers the resting HR and systemic arterial pressure and hence the myocardial contractility is decreased which in turn reduce the myocardial oxygen demand and the occurrence of ventricular arrhythmias.[@R17]

Evidences from previous studies have identified suboptimal doses of β-blockers prescribed in patients with ACS.[@R4] A previous study investigated the use of β-receptor blocker in patients with CHD in 24 hospitals in Beijing and found that the average dose was only about 40 mg/day,[@R13] and the China-PEACE study indicated that \<5% patients received \>50 mg metoprolol.[@R12] In our study, we will be initiating metoprolol fast release at a dose of 25--50 mg every 6--12 hours for the first 48 hours of hospitalisation. After 2 days if the drug is well-tolerated, it be slowly switched to control release metoprolol at a dose of 95--190 mg once a day. The patients at discharge will be advised to continue at the maximum tolerated dose of control release metoprolol. Based on current clinical practice, if the percentage of patients who reach the target dose at the time of discharge is around 80%--90%, the dosing pathway is considered feasible.

The study by Butler *et al* evaluating the outpatient adherence to β-blocker therapy post-myocardial infarction, reported a significant decrease in use of β-blockers after discharge.[@R19] The titration of medications is often very low in the outpatient setting; hence, it is important to initiate and optimise β-blocker therapy to achieve recommended target HRs. In our study, the patients at discharge will be advised to continue the maximum tolerated dose and we will be assessing the maximum continued tolerated dose of metoprolol and the associated HRs and BP after 4 weeks of discharge. A 1 month follow-up was designed for patient safety considerations, taking into account the dose adjustment after discharge and the collection of safety indicators.

Patients will self-monitor their HR and BP after discharge, which may result in errors. However, most of the patients come from out-of-town, and face-to-face follow-up is difficult to achieve, so the patient self-monitoring will be adopted. Nevertheless, the patients will be educated before discharge from the hospital to use the electronic sphygmomanometer provided by Cardiocloud Medical Technology (Beijing) Co., Ltd. for self-monitoring of BP. Calibration will be performed on discharge if the patient has a home BP monitor.

The guideline applied in practice initiative to measure the effects of a quality improvement project on adherence to evidence-based therapies for patients with AMI had demonstrated quality improvement among the hospitals, patients and caregivers.[@R20]

Standardised clinical pathways including the drug optimising pathways will help the physicians to appropriately manage their patients and also to reinforce the key quality goals. Further, it is imperative to improve awareness of agents that have proven mortality benefits such as metoprolol. The results of our study will highlight the optimal dosing of metoprolol in Chinese ACS patients thereby promoting increased utilisation.
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